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^£101 

HIDEKI .HORI I 

AiS^^AI i^y^ ;HS3§ ^^O^E^M 506-1206 
JP 

o\\9.mo\ 01 i]\mmuD. cHdisj 
gjsa (£1) cHdiei 

(o|) 

0 
0 
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0006 

I HI sain 2002.08.20 

[^§2.1 S^Ssj] Phase changeable memory device 

[SSI ^^SXF ^^SIA^ 

[aaeiaHl 1-1998-104271-3 
[CH£I211 

[ CH £1 2i 3 H 1 9-1 998-000386-5 

[51^?l g| Sj 1999-007368-2 
[CHdieil 

[ CH £1 21 3 H 1 9-1 999-000370-4 

[5#?|gje^aiSl 1999-056971-6 

[^so| s^h:'ii horii.hideki 

[^ej^^ejs] 630310-1931001 

[^^bj^] 442-070 

[^^1 ^JIS: 2i:?1IS {il&fSOFmM 102S 1206^ 

[^Sj] KR 

Oil 2\m m^^K\ m m=?muo. lwe.\2i 
atra (£!) cHdiej 

(oi) 

[Zlie^^Sl 20 3 29.000 ^ 

33 e 33,000 S! 
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0 2 0 ^ 

19 m 717,000 m 

779,000 m 

1. e^^Ai- SA-ilA1(£2)_ie 
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1020020049137 ^^ 'U^}: 2003/3/24 

% ^til^cf. o] A-ls P>^-a^ ^11 ^ ^12 M^^lc^B] Ir^^cg 

;^ll ^ ^12 7l-s.;^l=^ ^^^^ 'a=^<^l ^^Itbi^. ^ 

^^.^-I^A^l-^ Z^-Z^- ^ ;^12 iS.Sl>^l #^^<^^<^1 ^7l^0.s ^^^Cf. 

S. 6 
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1020020049137 %^ 'U^}: 2003/3/24 

'^^^ 7l"^ :±:>^l-{Phase changeable memory device} 

£. 1^ ^^^^ 7] "^dt^X typical phase changeable memory device)^ ^ 

£ 2^ 7l^ -goll ^fl^S)^ S.^^^ ^^*>7l HBfl^o] 

£ 5 ^ £ 6^ ^ ^^^^ ^ ^Alo^lofl rt].^ 7l^4i^>S] ^^S^olcf. 

£ 7A^ £ 6^ I-I ' ii^-e)- ^l^rfl^ 7l'^^;^>^ ^^^>7l ^^£<^lcf. 

£ 7A^ H 6^ I-I • ^^^^71^:51^1- ^ r}^ ^lEi^e^n ^ 

£ lOA^ £ 12^ n-n'^ #l«^fl^ ^^£^1^:+. 

£ lOB^ :e 12^ n-n'# ^-e} -^^^ 7i^^y^> ^ c]-^ ^2:^ 
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1020020049137 ^^ <^7^: 2003/3/24 

£ lOC^ £ 12^ n-n'^ ^ a cf^ ^2iB] 

£ 11 ^ £ 12^ £ 7A^ 7]'^^7^o] ^^*>7l ^tb 

JE 14 1^;^] 3£ 16^ ^ lOA^l 7l^^y^>^ ^^^1-71 ^tlr 

^ ^i^g^ ^S.^] di;^Hl ^tb ^-^S., ^-arl 7l^4i^Hl ^t!: ^<^1^. 

71^ di;<> ^ 7]^^^\s. M-^ ^ ^i::!-. ^^^^ 7l^ tfls^ 

^ ^ <=^]^^^ ^7]-o]x^^ wi^^A^ 710^^;^].= tfls^^ #efl4=| 

TflolE^ -^^^1^1- ^ ;^l'H7l]c:>1SS. ^^^^ TllolE 5|)Bi^ ^^^Cf. ^e)]-^ 7]^ Cfl 
7l<a di7l*>^ -^B^^ ^7] 7flolE^<gn^^ :g.^].o^ ^^V*^ BI^^A)?]^ 
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1020020049137 ^^ 'U^}'- 2003/3/24 

<19> :£ 1^ ^^^^ ^"^^ -i^ ^7}s\S.^o]t:]., 

<20> £ 1^ ^2:^1-^, ^^7] 7l^ s^l-l^o^ M^^l^EKla) ^ ^VM"^ 

7l-^;^i«J-^l (variable resistor; C)S ^7] 7>^;^-l*J-^l(C)^ ^V-f-^^, 

^ Hi: ^}o]o\] 7]\7^^ #^^(phase changeable material layer)S. ^^^^ 

Ji.^;<l^Bl(Ta)^ ^7] «^^. ^7] <^^ul|- O] 

^€(spaced apart) ^ ^7] 9^ ^ ^\°]^ 

^ ^ «^^^ zl-zi- ^q:^2l-o](wL) ^ wlMsl-^(BL)o]l ^^^t^. ^^zj-^ AS, ^7] 

71^ :^7>S|Si^ ^ ^ €^ -^7>S]S£SV -H-^H>i=f. HS^M", ^7] 

^ l-^nVo^ ^>7l r]^ ^ofl ^flBflE]^ o.^^^n^o^ ^^^o!)-^ Cfsrf. ^, ^ 

71 tcl-s^. 27flsl oy^^ ^a-BflCtwo stable states)*- ^^cf. 

<21> £ 2^ >a-7l 71^ SSH^ ^ ^T^Al^l^ -i^^M ZLSfl 

So]cf. a^7lAt, 7>S^^ )^ l^E^-vflal. ^ilS.^^ -^"71 7>3fl;^l 
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1020020049137 ^^ <^;^>: 2003/3/24 

£ 2^ -^71 ^v^^ -§-8-^£(nielting temperature; Tm):e.cf 

^£<^1>H 7l^( first duration; Tl) 7}<^^ :^c^ ^z^-aIt']^, -^-^l 
^ l-^BV^ ^eflCamorphtos state)S. ® ^S). olofl «V^>c^ ^ ^y] 

-i-^^^ -g-§-^£(Tm):e.4 ^JL ^^2}- ^£(crystallization 

temperature; Tc)^^^- ^3£o11a-1 ^7] ^^fll 7l:^(Tl) ;^]2 7] :?];( second 

duration; T2) ^«?]: 71-^^!: ^'^l ^^^It'I^, ^7] -^tfl 
(crystalline state)^ ^tb^fC^^ (2) ^S). ^^71^1, a]^^ ^^-tH* ^l"^ -^^^ #^ 
wl^i^J-^ ^4. it)-e)-A-i, 017] ^ 

:E.oflA^ ^71 1-^^^ ^€r>c^ ^^1- (detect ion)^o.s.^^ ^7] ^ 

^§ 71^ ^oi] x];^^ ^^7> fesl "1" -^l^l lE^ "0"^^1# *t(discriminate)l: 
=^ 9X^. ^1-^^ l-^e^^S^ 7]lsp>^(Ge), ^^El^(tel lurium; Te) ^ ^^1^1 

-5-(stibium; Sb)^ ^-B-^V^ 2|-^l-^( compound material layer; <^]^- 'GTS^* <^]^ ^) 

S. 3^ «]:£^l7l:&oil 2^>-S^AS afl«i^ ^^71)5] ^#(10)<^1 wfl 

^1^^. ^7] «-^J<=g^l-(10)^ 7>s.^e^ ^^7fl^ ^^t!- 

TljojE s]-oii-(20)o] afl^l^cf. ^V7i 7]ioiE e)-ois.(2o)^ ^^^e^-<^lofl ^^tb^-. 
^^7] «:^^<^^#(10)^ ^^s] Tflols e1-^#(20)2l- JS^Vtbcl-. u^s^a^ , ^7] % 
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1020020049137 ^^ <^;^>: 2003/3/24 

. ^7] ^-i- ^efloi iJ^.^ <^^# ^ ^7] 711 olE e1-^#(20)^ M^^ji 

Bl#^ ^^^W. ^. ^7] «:^^«^^1-(10)^ 2711^ -iol ^^^^^t:]-. ^71 

^-^ ^ell«y <^^1:^ tilSsl-^ ^^i*l-(25)^ ^^}^ ^]^^9im30m^- ^71^^ o.^ 
HlMe1-<y«-(30)^ ^7l TllolE 2l-«y#(20)^ 7>S.xl^4. ^^7] z^- 
^ '^g^l- ^-^<^1 Jifl€(40)ol Hfl^l^c]-. ^71 >^^$#:gBl- 3^^(40)^ ^ 

^i*(35) ^^1- ^11^^ ^iBlSe^ ^(heater plugs)!- -^i-^^l-^el- sfl^ 

(40) ^>^S^ >^7l ^^#54 ^7Ho.^ ^#W.(^lBl#eiZLS.^ 1^1 -£^1^) ^1- 

7l 5x11^^(40)^ ^7l >S-€^#^^^ n^^UO) ^^011 ^^1*>^ #211<^1M 

^7]^o_S. ^^^q-.(#eflolE PlSA]^) 

^1-71 nm40)^ GTS'^SlS. ^7] ^^^^ 

s\r^(Tm^S. ^^^^cf. .^V7l §^n^ 3|l^(40)oll 7l<y*>7l 

^■Ife S:1B1#&]Z1» -^^H ^71- Al?^o> ^r].. ololl 45^.^ >^ 

71 §lEi#BlzLO^ y^±s]o]o^ ^ji^ ^y] M^^l^iiElo] ^ s.(A, channel 

Width)^ ^7}S\o]ol ^Cl-. ^^><:>i, ^>7l ^11^ ^■a)^] ^7>£lol ^V^^ 7]<^^7.} 

[^^ol <^1^jl;<1- 71 ozf^^n 

^ ^i^ol ol^jL^]. ^].^ 7]^^ cj^ -i^^^ ^4i2l-Al7l^Cll 

7l^i^l-l- ;^l^*l-^c|l o;irf. 
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1020020049137 #^ ^^>: 2003/3/24 

7l#^ 3^^]^ n^t}7] ^tlr 7l^^;^>» /^fl^^^cf. o] 7]^ 

^.a^ ^11 ^ ^12 ^^^<^^j2). >a-7l ;^]1 ^ ^12 

l-*^ ^11 ^ ;^12 ^Se^^l ^-^^'^^^S. ^^^^cf. ^7] ;^ll ^ ;^112 

# 7>^;^1^^ #^Aio^ o^^6\] ^^]^t\., ^ ^2] TlloiM el-"?!*^! ^71 E^^I^^Ei % 
7}S.^]^^. o]^, tl:^^ 711 ^^7l ^11 ^ ;H12 

^^W. ^^-71 ^ >*112 >S-<ill zl-z]- ^ :^]2 ^^x-l^^-A^i 

#01 Hll^l^cl-. ^7] ^ ^12 ^7] ^11 ^ ;^12 ^Ssl^l 

oil zl-zl- ^7l^ ^^^cf. >^V7l ;^ll ^ ;5ll2 ^AriilrBl ^:^c>\] ^y] p]]o]^ 

^919-^ 7>S^]S£^ o^^^ tilMe1-<yol tiH^l^Cf. olnfl, ^1-71 ^ ^Vo^ TflolE el-<y# 

^7l :e^;^i>,b1 *Aj<^^o. '^^<^lJi, ^7] tiijeei-oi^ .^7] ;5iii 

^ ^12 ^:a.;^-l^J-j9.dii-<^l ^71^0.^ ^^S^-. 

^^1^^^, ^1-71 ;^ll ^ ^12 ^ ^12 ^i-^^ l-^i^l- all 

i^*>^, ^7l ;^ll ^ ^12 3^11^^ z^-z]- ^STimol^ 

(chalcogenide) ^db^ €^sl-g-(Te) ^ ^efli^^CSe) ^ ^(^S. *Vt+» f-^^V 

^ l-^nVO.^ Ol^o^^l^ ^01 til-^3l5>Cj.. 

^AlofloflAl^, <Hellol ^Hflo] 7]o^4.;,l.s. :e.<^§i:l-. ^ ^^^1 ^^Hloil ^ 

7l«^i^>^ ^£^l7l:^ofl s^s. ^ <^s.^ rcj-el- 2^>-S^O-S. all^^ ^^7ll^ 
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1020020049137 ^^ ^>^>: 2003/3/24 

^ ;^]l ^ ;^12 M^;^l>iBl l:^^<^«3z|- >s-7l ^^fli ^ ^12 z]- 

4 >lll ^ ;^12 ^£51^1 «-^^<^^*S ;Hll ^ ;^l2 

^ ^12 ^li^i^J-^^l-ol tifl^l^nf. ^71 ;^ll ^ 76112 ^ i^-] ^1- ^7] ^ ?k\]2 
iSel^l «^^<^^l-ofl zj-z]- ^7l^o.^ ^^^t^. ^7] ^ ^12 ^^ja^i^^^l:^ 

H^^^l^E-l ^^o] ^7] ^joiM 7>s^lsi, ^7] 

^7l wlse^-ois-o^ z^^o. z^- tfloii afl<g^ .^T-71 ^ ^^^^^J-A^^^il 

^It!: ^1-71 ^ ^12 ^S.21^1 41-71 sj^oil- 3g*5^ wj-^t^ i4e1- ^ 

-^71 Zl- S^l- iflofl tifl^^ ^7l ^-i- A}o]6\] 7ll7ll^ tS^E^ ^-^^-^ 

^1:^ cl ^ ^1^. olTifl^ ^7] zl- Tl^lEi z]- ^s. i^ofl^i 01 

^*>^ ^7] ^7flSl ^7l dli^^i A}o]d\] 7W:4^<^, ^7] Z]- ^S. ifldl tifl^ 

€ ^7l ^-i- ^^d:, ^71^10.^ ^^Al^Ti)-. ol^j].^ ^E^^ >^7l 

<^^s.o^ A^w-o]! >^V7i rtl-sl- ^^j-sjol afl^l^ ^=^711^ W wfl-a** 
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1020020049137 <^;=^>: 2003/3/24 

^ ZLElal ^«^>^Hl7ll ^ ^}^o] ^^^] ^ oj^s. ^].7l ^«)) 

^<^m. £^1-<H1 # ^ '^^IrSl ^T]]^ ^^^^^ 7l^>7l 

^^^^^^ ^o]cf. cf^ 7]^ ...^..oi] o;ix:^j7 <>i^S)<>l^l^ ^-f<Hl 

7lJg: >^<ill ^^^^ ^ o;[7^uf SE^ a1.o1<^1 >ll3Sl f^o] yfl 

^1=1-. ^^il^i ^^1<H1 ^^^i -^^tb ^<^t!- ^e^- 

2- 4^ ^'^•^l trl-^- ^^^^ 71^^;^!-^ €<>leflol^ ^7}s\S.^o]v]. , 

s. ^}x^s^ ^^^T^. ^7i ^:e.^-i^ja.^(s)^ h1ss1-^(bl)<h1 

>^>7l ^efl<y <^^(D)2f o]^^ ^-^dh^^ ^^(CSR) ^ ^^-71 ^efl-y <^^(D)-b1- -^-71 

^ -^^^l^EKTa)^ ^7] 7llo]E ^^(G) ^ >a-7l <^^(CSR)^ ^^J^Bl- 

<?1(WL) ^ ^-^ i^r^i e^-o] (common source line; CSl)^- ^^tt^. ^^JBel-<?l(WL) 
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1020020049137 %^ 2003/3/24 

^1-^:^ 7l^^^>^ ^^^^ 7l^i^Hl #e^lo]E ;^^o] 

six] ^^cf. 

voltage)^ 9l7}^^. ^7] 7l^ ^:|:^e}-^(WL)^ ^1^^ i4^xl ^^J^el-^-i- 

■& TflojE ^<a-(gate off voltage)^ "^7}^^, ^7] 7]^ ^^^>fe 

W Hl-«y(CSL)<Hl ^^1^ (ground voltage)^ <y7l-*}ji, ^7] -^9] 

<^lJi, i 7A^ :£ 6^ I-I ■ t^el- #)*fl^ 7l^dti;^># ^^^>7l ^tb 

^^JEolD^, £ 7B^ 5. 6^ I-I ' nl-e^- >S-^€:7l^^x> ^ cf^ 

£ 5, i 6, £ 7A ^ 7B1- ^d^^-"^, ti]::£^l7l :^(100)<^1 ^ 2^]- 

tifll^ ^^71]^ #^^'^^#(104)01 yfl^l^cf. ^1-71 e^l-^ x^^- ^^^}JL, 
^7] ^1-^ y^s). 3§^^>4. >^V7] I:^^<^^l-(i04)^ zl-z^-^ ^>^^^ ;^ll ^ ;^12 
^^#(200,201)^ M^^l^iBl #A^<^^(101), >a-7l ;^ll #^(200)-^S !-# 
^1 ;^1l ^^Sel^l *A^<^^(102) ^ >S-7l ;^12 ^^(201)-^^ ;^12 
«-^^<^^(103)o.s ^^^^t^. ^7] m ^ ^12 ^^^(200,201)^ ^7] «j-%Vaz|- 

^J-7l ;^ll ^ ;5ll2 riiSBl^l «:>^^<^^»(102,103)^ >^7l e^j^^i^e] 
#^^^^(101)^ ^43^ ^IH-^^i -^1-71 ;^ll ^ ^12 #^#(200.201)^ 7>S;^1=^ 
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1020020049137 #^ 'Ut.}: 2003/3/24 

<y=^oil ^^Itbiq-. ^7] «->>^<^^*(101) A>o]o^ «V£^l7l:&(100)<^1 
^(110)<5l ^7] S^^l^B] l-^^^'^^l-dODSl >a-:^l- 7>S;^12^ ^^7llSl 

7llo]E 2l-«?l#(117)ol Hfl^l^Cf. 4 <^ ^ *(101)^ tb 

TflolM BV<?11-( 117)0] 7l-S^l€-Cf. 711 o] IE 2l-'y^(117) Al-olo] ^y] 7J. E 

^^l>iB] 1:^^<^^*(101) ^ ^7l ^11 ^ ;Hl2 ^iSel^l *^^^^(102,103)<^1 1-^1-^ 
^f^(119)ol ^^j^rf. '%9\ Tflolm eb«?l#(117) A>oio:| s^xj^E^ 

•^^(lOl)^ -^-^ ^^(CSR)<^1 «fl^*l-Ji, ^7l ;^ll ^ ^12 

(102,103)^ AA^ -^eflo] <^^oil ^t^^H, ^V7l 7llo]E 5l-oll:(ii7)^ ^^^e}-olofl 
^'a-tbi^f. ol«^l tcbHl-, ^7l tlr Tll^l:^ e|-^#(117), %7\ ^^-^Sl^l <^^(CSR) ^ 
^7l :E.ell«y <^^^^ ^-^j^ M^^l>iEi#o] Hfl^l^cf. ^, >a-7l l-^^'=g^(104)#S] z]- 
^-7\^ 710^ ^^^^cf. TllolE el-«y(ii7)^ «>£^l7l:a:(101)<^l 

^HlS Tllol^ 3rfl^(ii5) ^ TflolE ^^(116)0.^ ^^^SlJi, >a-7l Tllol 

^J-71 E^^l^^Ei *^^<^^#(101)^ ^>7l ^ vg-^tJil- ^11^ ^(W)^ 

^^Jl, ^7l ^11 ^ ;^12 ^Sel^l #^^^^#(102,103)^ ^fl^ ^(W)4 

^ ^(k)# ?i-^i=f. oinfl, >^v7i ^^51 ^(k)^ ^7i iifl^ Wl^H ci 

^^^}-7fl^, ^71 ^(k)^ ^>7l 5fl^ ^(W)^ 1/2:^.^- ^Cf. ol^].o^^ >^l-7l 

^ ^12 i^S.^A tt^^^"^ (102, 103)^ i^i^ ^(k)ol ^di^ T^^^^ ^2fl^ tb^ 
si 'ii3^<Hl tb^^ €^^(M)^ ^ ^cl-. 

7l ;^ll ^ ;^12 ^SH^^l #^^<^^1-(102.103)^ -^-71 i4b1- 
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(105; connector active region)l-c>l 7l];tfl^r]-. ^7] z]- ^#(105)^ ^7] 

^ ^* i^^^l tifll^ <?I^t!: 27^2] ^^^(CSR) A>oloil 7fl7l]^t:f. ^ 

«:^^<^^#(105)^ ^7] z]- ^s. ^floi] Hfl^^ ^Sl^i «^^*(CSR)* ^7l^o. 

^ ^^^^^i *^^*=g^l-(105)^ e^-oloil tfltg-^cf. 

^7l «:^^<^^-i-(104), ^7] #^^<^^(105), ^7] ^7]-^^^aiO) ^ ^7] 

TflojE e]-«a#(ii7)^ ^^^9imi20)ol flfl^l^tq-. ^7] m ^ ;^12 iJ^el 

^1 *^^<^^-i-(102.103) ^1-^^ -^-71 *^^«^B]-(i20) -^<^1 z^-z^- ^ :^]2 

^■1^A:tl-(150a, 151a)^l wfl^mc^-. ^^7] #^^<a^^(120)* ^^^>^ ^>^^^1 

>^7l z^ ^S.^^] *>^^<^^ ^(102)54 ^#*>JL, ^7] z^- 

l-(150a)4 ^#^>^ ;^ll ^l-f-#&|zi(122) ^ ^V-f-^ao] ^7] ^^S.^^] 
(103)^ ^^'^^sf ^^srl-ji, ^a-^igo] >^7l ^12 ^iM.7:\^^^^{151a)^- ^#^>^ ;^l2 
^>-?-#aiZL(l23)7> ufl^l^cl-. >S-7l ^ ;Hll *>-¥-l-e1^#(122. 123)^ ^7] y^]! ^ 
;^12 z^-z^- ^7] ^11 ^ ^12 ^^^^^] «^^'^^1-(102.103)<H1 ^7]^o, 

S ^^^1^1^. ^1-71 ^11 ^ ^12 ^l-^l-e^rLl-(122,123)^ ^^^"^ 
^ ^ 9X^. ^7] 41 ^ ^12 -B}^ l-eiii*(122,123)^ 

^7] ^11 s>:f-l- El 11(122)^ ih^^ ^^3). ^7l ;^12 5^ ^(122)^1 ^^fi^ ^y^^ 

^o] til-^^e>cf. ojiq]^ ^1-71 ^ ^12 ^Sel^l 1->§^'^#(102,103)^ z^-z^-o] 
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^^fe ^J-7l ^(k)^ ^7] ^11 ^ ^12 ^>^#eilll-(122.123)^ ^z^o] 

^ ^ ^o] w>^3j^>i:f. cfA] >^7] ^11 ^ ;^12 ^iSe^;^] 

(102,103)^ ^^o] ^^o^ ^(k)^ >a-7l m ^ ^12 *>-^*B^Il«(122. 123)^1 z^- 

dn^^^ ^^^cf ^>7l ^fl^ #(W)S1 1/2 janf ^o] i3>^3i^]-c|-. 

;^ll ^ ^12 ^i;^n>-a.4i#(150a,151a)^ ;^ll ^ ;^12 1:^^ sfl 

€*(131a.l31b)^ ;^ll ^ 1-^^ 3t(l^#(i31a,131b)^ 

^^TllM-ol^Cchalcogenide) ^±.91 €^el^(Te) ^ ^s)li^^(Se) ^ ^<H£. 
-t-B-*]-^ #^B]-o.^ oj^o:,;,!^ Ge-Sb-Te^^S 

^7] m *>^l-elZL(122) ^ ^1-71 ;^ll ^zfl^dsOa) a>o1 ^ J^y] y^]2 

^>^l-e-lZL(123) ^ ^7l m -^^^^^^ 511 130b) ^>^1<^1 ^11 ^ ^12 uflejo^ 

nv 4^1-01 (130a. 130b) 7ll;^M ^ ^4. ^ ^12 Hfle1<H^ sfl^lrC 130a, 130b) 

^ ^71 ;Hll ^ ^12 ^>^#e1zi#(l22,l23) ^ ;^ll ^ ;i|l2 sfl^ 

(130a, 130b) ^-§-^ «j-^ls:>^ ^4. ^, >^7l 

^-S-^>^ ^-i: «j-^l^m tt^. ^11 ^ ^12 Hfl5:i<H^ 3x|l Bi (130a, 130b) ^ ^ 

^7l #^^^^(120) ^ ^7] ^11 ^ ^12 (150a, 151a) ^ 

'S-?- #^^<?!^(135)ol till^l^cf. ^1-71 ^ f^^^<5^^(120,135)^ 

(135)# ^^*><^ ^>^^<^1 ^7l z^- ^11 
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;^i^-^^#(150a)S] ^^^^^4 ^#*>^ ;^ll ^^l-s1li(137) ^ 
^ *>^^<^1 ^:y.^-1^A4i(150a)5l ih^'^^oil- ^#*>^ ^12 

#eiii(137)7> Hfl^l^i::f. ^7] ^ >ll2 ^^^5lZL#(137, 138)3] -^-^ig-i:^ 
1=1-. ^7] ^11 ^ ^12 ^l-^#5lZL#(137,138)Sl ^-^^4 ^^^V^, <S »y-*J=^S. ^ 

^J-^ ^^7H^ til :^e]-oi s. (140a) o] Hfl^l^rf. ^J-y] e e^ois.(i40a)^ z^-z]-^ ^^-7] z]- 
^1- ^fl<^l «fl^€ ^7l ^ ^12 #&|li#(137,138)^ ^1-^^21- ^^tl-i:}-. ^7l 

m ^ ^12 ^-^#H.iiil-(137,138)^ tilMSl-ol-i-(i04a)^ ^7] ^ ^12 ^^^^ 

^j-Ad::^(130a,130b)oll ^7]^o_s. ^^^l^rf. olttfl, Aj-y] ^ ;^i2 ^V-^^sjzL^ 
(137,138)^ ^lEl#e1nS ol^cH^ ^ o^tc]-. *1e1#5.-]zi^ ^^-71 ;^lll ^ ^1 

2 3fl^(i31a.l31b)^ 1^ ^^5^17]^ tb^-. 

71 tilE5^oi(i40a)^ ^S-ZL^ ^<y-ol ^^£11^, -^>7l ^ 412 1-^^ 

3ll^#( 131a, 131b) ^ ^7l ^]Bll-&|ii<?l >a-7l 411 ^ 412 >S-^l-e-lzi-i-(137,138) >«>M 
^ ^m<^l^i ^<^1 ^^St!:^. olS. ^*H, ^7l ^^>^ >a-7l 

(131a)^ ^^i<^^ol ^i^J-<^l 1=1-^ ^7l-;^l ^J-H)]^ ^^r^cf. ^1-71 411 ^ 4l2 ^ 

^l-&|lil:(137.138)^ ^7] 411 ^ 4l2 ^^^(131a.l31b)fif 
4. ^^7l 411 ^ 412 >a-^#5lll*(137,138)^ ^7l 41 1 ^ 4l2 §>^#5lll# 
(122,123)^ ^^^tq- 31-^ ^l^g^ ^ oj^v^, 

^l^iSsl^^ TiN^, TaN^, , MoN^, NbN^, TiSiN^, TiAlN^i", TiBN^i", 
ZrSiNsl-, WBN^i-, ZrAlN^, MoSiN^, MoAlN^", TaSiN^, TaAlN^, TiON^, TiAlON^, WON 
^ ^ TaON^l-o.^ <^1^<H^ 'a^'HMi ^<>1H ^1-M-^ <^1^<H^ ^cf. 
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ol^fe ^^n], ^7] ^ ^12 5l::i*( 122a, 123a) ^7] o] 

■f-*=i€ ^ $X^. S. 7h<^] ^^]^ H>i4 ^o], o]i^cHl^ ;^ll ^ >I12 JEfl 

^*(131a,131b)5^ ^7] ^ :^]2 *l-^l-5lzi#(122a, 123a)Sl 

4 ^#^3:^-. <^M, -^7] ;^ll ^ ;t|l2 137a, 138a) ^ ^^^<a ^J^^^-^S. 

^]^^^ ^ 9X^. »1l ^ ;(fl2 ^^#&| 137a, 138a) ^ ;^ll ^ ;^ll2 

^ -i-^^ 34)^ (131a, 131b) ^^Hofl ti}.-§.^ «o^^l^>^ ^7] >fll^ ;ifl2 3fl^# 
(130a,130b)ol 7fl7l]^ ^ 91^. 

^^'^^^-C 105)^1 -^^51^1 ^fecf. 

i 8 ^ i 9^ ^ ^^o^ ^Alc^loi] o^^ 7]'^±7)- # cf^ ^2,^ ± 

E}^^ -M^srVyl ^tb ^^i^oli, £ lOA^ £ 12^1 E-E vc^^ 

3E lOB^ £ 12^ E-E'^ -^1-^^ 7]<^±7.} ^ cf^ ^3:^ ^jE] 

£ 8, £ 9, IE lOA ^ £ lOB* ^^^Vig, ti]:i^l7l^(100)<^l £ 5 ^ £ 7Ao]lAi 
-y-^t!: %^j'^^#(104) ^ TllojE 5}o]s.(ii7)o] afl^l£)ji, ^V7l «-^^<^^l:(104) ^ 
'S-71 TflolE e1-^s.(ii7)^ ^:^>^^n].(i20)ol tifl^l^cf. >^7l ^^^<^ 

5i-(120) i^oi] <^^#(CSR)^ 7>^>^lHji, ^ rc|-&|- o^^^ ^ 

^7)]^ ^-1- afl^l:(227)ol yfl^l^i:^. z]- Hfl^#(227)^ 

-^-71 #^^^^(120)^1 S^o.^ -f-Bl ^^$] 30]^ Zl 41- 

^^-a: ^7] *]-^ #^V^'?1^H120)^ ^o]^ 3^^^. ^7] tifl 

^1:(227)^ ^7] TilojE e^-oi#(ii7)J4 ^gsj^Vc^., .^Vy] z^- tifl'ai-(227)^ 
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^>^^nv(120)^ ^^*>o^ ^1-^^^ ^71 z]- *^^#(CSR)^ dli^'^^ur). ;g 

^1--^^^ ^7l z^- ^-i- HI) ^1- (227)^ ^#*]-^ 

#eizi(224)7]- «fl^l€4. cfA] ^^Ai, ^7] Se-1zi(224)^ ^^^^ 

^^^^^^(120)5^ K^o_^ ^^^q ?2ols <5l^^tq-. Aj-7i z]- 4. 

tifl^l-(227)^ ^7] 2^ Lflofl afl<i^ ^7] (224)^ 

igozf ^^tbi=f. -^^ ^5lrLl-(224)^ Hfl'^dl-(227)* 

-^M ^ vim^ ^7] <g^#(CSR)<^l ^7]^o^S. >^ 

7l tifl'5d*(227)^ a)-^o1] ^^t3:i=f. ^-f- ^&|ZL 

(224) ^ «]1^(227)^ ^i^^^S SX^. 

f^^>^^^(120)* ^*eH ^7] z^ «:^d<^^-i-(l04) ^ ;^ll ^ ;^12 ^ 
«:^J'^^#(102.103) Hfl^ls)^ ^11 ^ ^12 *l-^#e1zil:(122,123), ^ 

;^12 ^^^^-)^J--a.^#(150a,151a). ^ ^12 ^-^#s1^«-(137.138) ^ wl^Bl-^CMOa) 
^ i 6 ^ £ 7Aoll^i ^^^tb ^32f -^<a§]-rf. cfA] ^^Ai, ^71 ;^ll ^ ;^12 ^^#elzL 
€■(137,138)^ <^l^c>l^rf. olnfl, >^7l ;=^ll ^ :^]2 Aj.«.^e^^# 

(137.138)^ ^>^^#^ z^-z| ^ ^12 1-^^ 3rfl^^(i3la.l31b)4 

°lsf^ t^S-Tll. £ 10B<:>fl^i^ ;^ll ^ ^12 ^l-^#eiiil-(i22a.l23a)7> ^7] ^lE-l^ein^ 
<^l-f-«H^ £Ale>^cf. olnflofl^ ^1-71 ^ ^12 *l-^#eiii#(i22a,123a)^ 

^^^o] 2^^ >^7i ^ ;^]2 5^^(131a, 1315)2)- ^#^1:)-. 

el-«y-a: a C)-- ^3:^ ^Efll- 7)-^ ^ o^c^.. ol«))6)l^, ^7) ^ 
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<53> £ loc^ :£ 12^ n-n'^ ^s]- 7]<^ ^7.} ^ a 4^ 

<54> J£ 9 ^ 3E 10C« #2:^>^, £ 6 ^ IE 7A<^lAi ^jz|- <^ ^#(104) 

^ TllolE el-ois.(ii7)oi tifl^l^cf. ^7] l:>y<^^#(104) ^ ^7] TljojE e1-^#(ll7) 
-i- f^^^<?l^(120)ol wfl^ls]ji, ^7] ^]-«- ^:^^o^^ ^-^ ^ 

^#(CSR) 7>S.;<ls57, ^ tc)-&F ^^7fl^ wfl^l- 

(227a)<^1 tifl^l€4. ^]^, ^7] ^ tifl^#(227a)^ s:>-f-^^ ^7] Br>^ 

^^^^Hl20)^ 7^0. ^c>]M. ^v^cf. ^, -^1-71 ^ W tifl^l:(227a)^ 

^^^^ ^7l ^>-^ #^^<ami20)2l K^J^S. -f-Bl db^^^l ^ols o;it:^. 
<55> ^7] #^^^^(120)^ ^-g-^H ^7] Z^- <=m3\. ^#*]-^ 

Se-iZL(224a)7> wfl^l^cf. ^7] #e-i^(224a)^ ^^^^ ^7] z]- 

W ^-^^ wfl^*(227a)^ *>^^^ ^#^4. ^^]:J.i224a)^ ^7] 

^ ^-^ ^Sl^ «^^#(CSR)^ >3-7l z]- ^^i- wfl'a#(227a)«^l ^7]^o^S. ^^Al 

^, ^7] «ll^*(227a)^ ^ «S* ifl<Hl Hfl'S^ ^7] 

'^^1-(CSR)2]- ^7l^o.S ^^^cj-. 
<56> >^7] 1-A^<^^1:(104) ^ ^ ^#(102, 103) ^<H1 

^ ^7l f-^^"?!^^ ^*^l-<^ ^7] 41 ^ ;^12 ^^S.^^] «:A^<^^1-(102,103)^ 

z]-z^ ^#^1-^ ;^ll ^ ^12 3^>-^-i- 122c. 123c) afl^l^cf. ^7] s^V 
^^^^^(120) ^<H1 ^7] m ^ ^12 *>^1- Bin* (122c, 123c )^ ^l-^^^^f z^z^ 
;^ll ^ ;^12 Hl5E| sifl^S (260a, 260b) ol nfl^l^ 4- o;iT:f. 
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^y] ^>-f- ^^^^"3^(120), ^7] tifl^l-(227a) ^ ^7] ^ ^ ^l2 

wl^lsfl^s.^ ^^^^^(262)ol ^7] m ^ ;*fl2 #^^<^ 

^#(102.103) ^-f-S] ^7] ^^^'?1^(262) ^a-"^! z]-z^- ^^fli ^ >il2 

^Ji^i (150a, 151b) ^1 «H^1^4. ^^^'a^i-(262) ^ ;^ll ^ ;^l2 

^:a.^i^J-A^§(150a,151a)^ ^^^'^^(l35)o] ^7] 

<?1^(135) ^ofl HlEEl-ois.(i40a)ol afl^l^cf. >a-7l ^^^<^mi35)^ ^^^H 

^ ^12 ^^i^i^ja.^# (150a, 151a) <H1 ^l-^^- ^#s:>^ ^ ^12 ^^#e^zil- 
(137,138)7]- tifl^l^rf. ^7] 4 ^s. ifld] Hfl^i^ ^ ;^]2 ^o^^#e^zil: 

(137,138)^ ^7] ^ »]E.^9l^(U0a)^- ^^tb^]-. ^^-^l ;^ll ^ ^^12 ^^^sjn-i- 
(137,138)^ #eizL^ <^1^^^ ^ ^4. 

°1 ^-f-^l, ^ x|l2 ^>^#s1^(122c.l23c)^ ^^^^ ^ §^ 

nf. cfAl /Sill ^ ;sll2 ^ii^-]^^:5i#(150a,151a)4 ^^^f^ ^^-^l ^ 

^l-eizL(263a) ^ ;Hll ^^-f-#&|zi(137) # <Hi^ ^ ^7] ^:?># 

£i^(263a) ^ ^1-71 ^j--^#&|ZL(137) ^ o]2^ ^>ul-7l- ^jEi^e^ZLS o] 

■f-<H^^. ^H. >a-7l §lB]#e1zi^ Tsfli ^ ^12 >^^:& 35flEi#(i3ia,i3lb)4 ^ 

i^l^M ^S;!:^!'?!:, ^7] ^ ;^12 ^^>l-5l ^« (263a, 263b )^ 
"5^^(262) ^ ^J-71 #^^^B]-(120)# <a#o.^ ^^^1-0^ z]-2]- ^7] m ^ ;^12 i 

Sel^l *^^<^ ^#(102,103)21- ^ ojtcf. <>ltiflofl^ ^7] ^ ;«112 tH^lsfl^^ 

(260a. 260b) ^ ;^ll ^ ^12 ^>-^ # &|ZLl-( 122c, 123c )^ -0-^5)^1 ^^nf. 

^--g-^ ^7] 7l^dSi;^l-l-S] ^>y«ol-'^^ ^^tlri^. 
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£ 11 ^ £ 12^ S. 7A^ 71^^;^!-^ ^^^^J-'^* 'M^*>7l ^^S-i- 

S. 6 ^ £ 11^ ^3:^>^, «V£^l7]^(100)'Hl ^;^l-^el^(iiO)# ^^^^H 
^ tnl-el- 2^>€^^S. Hfl^^ ^^7fl^ «:^^^^*(104) ^ z]- ^^-ofl flfl<a 

^ «:^^'=g^#(104) A>oloil 711^1]^ ^'-ijEi ^-^^'^^IrClOS)* ^7] 

*^^-i-(104)^ z^-z]-^ ^7] ^ «^*j=4 5gsj^ >fli ^ ;^12 ^^(200,201)^ s^;^] 
#^^<S^(101), ^T-71 ^11 ^^(200)<H1 ;^ll %^^<^^(102) ^ ^7] 

^12 ^^(201)011 ^12 :iiSSl^l %^j<^'^(103)-^S- ^^^^4. ^^7l * 

^^*^^^(105)^ ^71 z^- ^s. ,^6|] «fl^^ oi^^i- 2711^ ^7l :e^^i>,b1 %^j<^^# 
(101) AVolofl 7]i:4^v^. ^71 ih^V^ElB^-dio)^ M^^l i^V^el^^S. 4^ 
. ^^-71 ^^>^el^-(110)* ^^^]7]^ilOO) ^^ai] TflojE ^ TflojE 

^>^1S- ^^^e>i, ^7l TflolM ^ >a-7l TflolE ^^n].^ <?1#^ O.^. SflE^^ 

^7l H^^l^^B] %^^<^^#(101)* 7}S.^]^^ ^^7l]Sl 7flo]E ej-^l^-diy)^ ^ 
^^W. TflojE el-0]#(117)^ ^7] ^ Wj-*j=a!l- 3g*|^>C^.. ^1-71 Z^" E^xj^iBl 

^^■i-(lOl)^ tb ^9imil7)o] z^ TflolM ef^l 

§(115)^ TllolE ^ojn^ 3^€(115) ^ TllolM :^^(116)-^S. ^-^^^c^-. 

^7] TflojE El-ols.(ii7) <y:^«^o11 (118)1- ^^^^ ^ 9X^. ^7] TflolM e^-O] 

#(117) ^ ^i2ilolx^(ii8)# T^>i^S ^l-^^><^ *^1:<=1^#* ^S^s:]-*:"^ ^7] ^] 

o]m Bl-<yi:(117) >S-7l %-^^'^^(104)«^l l-^l-^-a-^dlQ)^ <=>1^, 

^7] ^ ^12 ^Se^^l *>a"=g^*(102,103)<Hl -^7] l-^l-?^>a:#(119)^ 
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(101)^ <^^<^1 ^fl^t!-i=1-. 

l-^l-^^f'(119)# ^^^tb ^<^1, ^7] Ir^^^^a-f^Clig) ^ >^7l TflolE 
^^1-(116)^ ^i-^^#<^l ^#^e]A>o]^pi.^ ^A^^ ^ 

^7] l:^l-^^Vf^(119)^ 5^-^ 71:^(100) ^^^il #^^<a5i-(i20)* 

'^-71 ^>-f ^^^^^(120)^ "a^^-y 
nvo.^ ^^^^ ^ o^t:^. ^7] ^|.«. f^^^<a^(120)^ ^^*l-<^ ^7l ;^ll ^ ^12 «:^^<^ 
^(102,103)^ :i^^^l-«fl ^#^>^ ;^ll ^ ^12 *l-^#&|ii#(122.123)^ 

1=1-. ^^7l ;^ill ^ ;^12 *>^$e1zL-i-(l22,123)^ ^^^^o.^ ^^^^ ^ ^4. 

^7] ^ y^]2 *>-^l-Blzi-i-(122,123)^ 71:^(100) «flel<>|^(130) 

^ #^Bi-(i3i)^ ^>^1^ ^^^ttcf. -^7] «fls^olB]-(i30)^ ^^^21-^. 

^^^^Sl-^l-^S. ^ SZ^-. ^^^*#^^H131)^ ^^711 

H-ol = (chalcogenide) ^^91 ^^el-g-(Te) ^ ^elH^CSe) ^ >«d^^ ^>M-» 
^-B-^>^ #^^^5. ^^^^ ^ ^cV. <mi- 1-^. GTS^-^S. ^^^^ ^ ^tq.. 

£ 6. £ 12 ^ £ 7A^ ^1-71 ^1-^^1-^^(131) ^ Hflel<H^(130) 

* o^^^ o.^ 2llB-1^§>Qi ^7] ^ ;^12 s:>-^#s1zi^(122.123)^ 

^11 ^ ^12 ^-e.^i^A4i*(150a,151a)l- ^^^^i=1-. ^7] ^li;^-l^A^(150a) 
^ /^ll Hllslo^n]- 5ifl^(i30a) ^ ^ll 1-^^ ^^(131a)-2.^ 

m ^iL7^^^^:ii(151a)^ ^>^lS ^f-^ ;^12 BflEl<>|^^ 3J}]^(i30b) ^ ^12 
Mr^n ^^(131b)S 
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^7] m ^ ^12 ^^i^i^J-A^*(150a,151a)^ ^S.n7]^aOO) ^^<^1 

-§-5]^ ^^^^ ^ oxt^, ^7] #:?>^^^(135)^ ^7] 

^11 ^ ^12 ^1-^^ (131a, 131b) ^ xii^'^^l-'^'ll z^-z^- ^#sr>^ ^ ;^12 

^-¥-#&|i2l:(137,138)^ ^7] ;^fll ^ ^12 ^^-^^s^::!* (137. 138)^ ^ 

§lBl#BlliS ^^^^x:f. -^7] #51111-^ TiN^, TaN^, WN^. MoN^, NbN^, 
TiSiN^, TiAlN^i-, TiBN^^, ZrSiN^i", WBN^, ZrAlN^, MoSiN^^-. MoAlN^, TaSiN^, 
TaAlN^^, TiON^^, TiAlON^, WON^^- ^ TaON^-A^ -^l^^^ ^^^-^l^l ^> 

^^^1- ^ 9X^. ^7] ^11 ^ ;^12 >a-^#eiZL#(137,138)^ ^7] ^ ;^12 
#&|li#(122,123)^ ^^M.^ ^^^S. ^ ^i=V. 

^>7l 75)11 ^ ;H12 ^^#&|zi#(137.138)^ 5^-^ ti]:£^l7l:a-(100)<^l wlMej-^ 
^(140)^ ^^^tbT=l-. ^7] am^i-oi £^B]-(i40)^ ^i^^-^s. ^ ^c|-. >^7l 

£^^^(140)^ ^t^^^H £ 6 ^ H 7A<^1 :£^1€ wV^^- , ^7] 7]]o]^ e). 
^#(117)^ 7V^xls^ 4^71]^ ti]E5|ois.(i40a)^ ^-^^tb^^. 

cf^^ £ 7B^ ^^^^ 7]^±7.}o] ^^ttc]-. >a-7] ^>-^ 

(120)^ «cJ-^^ ^^^tb 7B^ 71^^:^1-31 ^^^^j-^^JJ}- ^<a*>cl-. 

S. 13 ^ :£ 7B^ ^2,^}^, ^7] %^^^<^^a20)-^ ^^^><^ ^7l ^ 

^12 >i£5lxl «-^^<^^(102,103)^ ^i^'^'^l-ofl ^^^>^ ^ ^12 s:>^#&|zi 

#(122a.l23a)# ^^^t!:^-. , ^7l »ll ^ 7^112 3l-«-§5liiE-(i22a, 123a)^ ^iB^^el 
n^S. ^^^^cf. ^7l ^lE-l^slzL^ TiN^, TaN^l-, WN^, MoN^. NbN^. TiSiN^, 
TiAlN^^, TiBN^, ZrSiN^, WEN^l-, ZrAlN^^, MoSiN^-, MoAlNQl-, TaSiN^^l", TaAlN^. TiON 
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5]-, TiAlON^i-, WON^- ^ TaON^^S. <^1^^^ ^^^^ ^ 

^7] ^11 ^ ^12 5^>^#5^Il§(122a.l23a)» 7^(100) ^^a*^ 

sflE^^^H ^^7] ^ ^12 ^l-^#eizL#^ ^4 ^11 ^ ^12 

^:a>5l^-a^#(150b,151b)^ ^^^ttcf. olnfl, >^7l ;^ll ^:a:^^^A^(150b)^ ^}^]S. 

^ll 1-^^ sfl^dsia) ^ BllElol^ 311 ^( 130a "t^^^^^. ^7] 

^12 ^^:e.^i^>-g-^(151b)^ ^>^1^ ^f-^ ^12 ^T-^^ s|l^(i3ib) ^ ;5fl2 tifle^c^^ 

n ^^(130b)-^S ^^^^4. ^7] ^ ;^12 ^:e.^-1^^di-i:(150b.l51b)S 
^171:^(100) €^^^^^^(135)^ ^^^^1-^, ^^7l >a-^ f-^^V^S^B^-dss)^ ^ 

-f-s>a^ ;^ll ^ ;^12 ^^-^^i ^.Q-^il- (150b, 151b) ^ Ji^^^-i-<^l ^#^>^ ;=^ll 

^ ^12 ^^S&|ll#(137a,138a)* ^^^th^-. ^7] ;^ll ^ ;^l2 ^^#5.^zi^(137a, 138a) 
^ Ej>.^B^o.s. ^A^^ ^ ojtq.. ^7] ;5fll ^ ;sfl2 ^^#5-1li#(l37a.l38a)^ 

^S.^]7]^^] v]^^9l :£^Bi-(i40)^ ^-^^^V^, -^M alSel-^ 5.^^* 3llB-l^^> 
^ TllolE ^^#(117)^ 7}S.^]^^ ^^711^ wlE5:}.ci(i40a)^ ^^^*Vcl-. 

S. 14 vfl^l £ 16^ £ lOA^ 7l^ih^>^ ^^^1}-^^ ^^*>7l ^*!- ^^S. 

£ 9, £ 14 ^ :£ 15« #S*>^, *>-^ f'^^<a^(120)^ 3x)lEi^$>o^ ^^7] t}^ 
#^^'?imi20)^ a^AS. ^^o^ ^ol^ ^^7fl^ M^^l^(221)^ 

^^^tlrt^f. <^]^. ^^7] tifl^a :^^^1#(221)^ A wfl^i 
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^ <^^S(CSR)* 7}S.^]^^. ^^7] tifl^ E ^^1(221)^ ^>^^^ 7\[o]m 

^9l^ai7)^ M-r:]- ^o] w>^3]^>tq-. ^7] wfl^ S^^l(221) tfl«Hl ^^-^l 4 

^^^l-CCSR)^ ^^*(222)^ ^^^^Cf 

. oloj], ^ ;^12 ^S.^^] *^d<^^#(102,103)2^ ^^^'^g^-l-* z]-^ in#Al7l^ 1 
^ ^12 *>^^^**(121a.l21b)* ^Al<^l ^Aj^ ^ ^tq-. o]^^ ^e:), ^y] ^ 
sai^(222)2l- ^7] ;*lll ^ ^12 ^>^^ei!«(121a.l21b)^ 

^^i#(222), «fl^ :e ^^1(221) ^ ^^-71 ^11 * ^12 5^>^^ 

^*(121a,121b)# «}:£^l7l^(100) ^'^^] ^^^-^ ^]^, ^7] 

^ ^7] ^-i- ^^1^(222), ^7] afl^ Mia^](221) ^ ^7] ;^ll ^ ^l2 *]-^^^ 

*(121a.l21b)^ ^fl^cf. ^7] f^:?>^^B]-( 120)0] L^#^iil|^7>xl ^ 

^^^]7]<^ l-e-]ZL(224). til|.«d(227) ^ ;^ll ^ >^12 ^>^l-&l:z 

1-(122,123)* ^A^t!:!^. ^7] 3E^^^ ^^^^ ^ $X^. 

:£ 16 ^ :£ 10A# %S^>^, ^7] tiB^(227)^ ^^^]7]%aoo) 

€^<^1 aflelolnv ^ ^^^^ ^ ^>7l afl 
e^o^p^^ c^^^o.^. sflE^^^H ^7] ^11 ^ >^12 *>^#&|ll«-(122.123)^ ^^^^ ^ 

^ ^11 ^ m ^-^.^i ^ 150a, 151a) # ^7] ;^ll ^ ;^12 

^i^i^AJi#(150a,151a)^ ^l-ej]^ ^]^c>]^ ^fl^dsoa) ^ ^jl ^i-^ 

^ 1-^^ 4€(131a) ^ >I12 Hflsl^l^ 5^€(130b) ^ ^112 1-^^ 
3fi^(131b)-9.S 
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<75> ^7] ^ ^ti;^-]^^^s.(i50a,i5ia)^ ti]:i^l7l:^ ^jIt^cHI f^:?]: 

^«?!^(135)# ^7] ^^^9^^(135)4: ^^*>«^ ^7] ;^ll ^ ;^]2 

1-^^ 3fl^-i-(131a,l31b)^l ^#^>^ :^ll ^ ^12 ^^#5.-lii#(137,138)* ^ 

^^tbcf. o]^, ^7] ^11 ^ ;^12 ^-f-#5l::i#(137,138)^ ^lE^#eiZLS. ^^^t^cf. 
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